INTRODUCTION
In the preceding paper (Kondo and Kanai, 1974) , an increase in cholesterol ester amount was reported as a characteristic feature of the granulomatous lungs of mycobacteria-infected mice.
Chemotherapy with isoniazid inhibited this increase. Recent investigations of Dannenberg, Ando and Shima (1972) , Moore, Myrvik and Leake (1973) , and Moore and Myrvik (1973) showed that the granulomatous response to tuberculous infection was closely correlated with local delayed hypersenstivity, and that the cytogenesis in mycobacteria-induced granuloma was highly dynamic involving constant entering and dying of activated macrophages in such lesions.
The information led us to an assumption that cholesterol ester formation in granulomatous lesions might be related with the biochemical and immunological response of macrophages to tuberculous infection, particularly the membrane structure of activated macrophages. As a preliminary study to this direction, the present paper is concerned with a comparative observation of cholesterol ester levels in uninduced and induced mouse peritoneal mononuclear cells.
MATERIALS AND METHODS

Mice:
Mice were the commercially available dd str, ain, weighing around 20g on the average. They were housed, 10 per box, on wood shavings in metal boxes with The level of unesterified cholesterol, however, was only a little higher in induced cells. Phospholipid content was greater in induced cells, suggesting an increased synthesis of the membrane structure.
The molar ratio of total cholesterol to phospholipid did not differ so much among the three kinds of mononuclear cells, but that of free cholesterol to phospholipid decreased markedly in casein-induced cells. Finally, it would be worthy of attention that, despite of the increased content of cholesterol, cholesterol esters and phospholipids, the total lipid content per cell was smaller in induced cells. Table II shows per cent distribution of fatty acids in cholesterol esters. In the esters in uninduced cells, palmitic and stearic acids were the main fatty acids. Unsaturated octadecanoic acids were not detected under the present TLC condition. In contrast, in the esters in induced cells, palmitic acid, C18:1 (presumably oleic acid), and C18:2 were detected as the three principal fatty acids; other unsaturated 
TABLE V Fatty acid patterns (% distribution) in phospholipids of induced peritoneal cells
The fatty acid pattern of each phospholipid did not differ significantly between the uninduced and induced cells.
But, it appeared characteristic that phosphatidylethanolamine had, in contrast to lecithin, stearic acid in a larger amount than palmitic acid. Sphingomyelin was particularly rich in such saturated fatty acids as palmitic and stearic acids. Lecithin in the cells induced with BCG-casein was most abundant in palmitic acid. It is not possible to find from the results stated above what relationship may exist between cholesterol esters and phospholipids concerning fatty acid composition and origin.
However, in view of the well-known biochemical relation between lecithin and cholesterol, analyses should be made by a more dynamic approach.
Cardiolipin and phosphatidylethanolamine are the phospholipids common to mycobacteria and macrophages, but no tuberculostearic acid was detected in the cells induced with mycobacteria-containing casein. This will mean that the amount of mycobacteria phagocytized into peritoneal cells was not large enough to influence the data of lipid analyses in the present study. This fact was reflected also on the yields of these two phospholipids from peritoneal cells induced by casein injection with or without BCG (Table III) .
DISCUSSION
The present study revealed that cholesterol ester content was increased markedly in induced peritoneal cells. C18:1 fatty acid, presumably oleic acid, was the major component participating in the esterification.
In the preceding paper (Kondo and Kanai, 1963b) , the increase in cholesterol ester content of the granulomatdus lungs of KONDO et KANAI Vol. 27 tuberculous mice was reported to be associated with both C13:1 and C13:2 fatty acids. Much earlier, Kondo et al. (1970) demonstrated that cholesterol esters separated from a yield of mycobacteria grown in vivo were mainly those with C18:1 fatty acid. Therefore, it might be tempting to speculate that cholesterol oleate and cholesterol linoleate are the products of separated biological events, and that cholesterol oleate is more intimately associated with stimulated macrophages . The high content of cholesterol esters of tuberculosis lesions will reasonably be explained by massive accumulation of stimulated macrophages which come to contain an increased amount of the esters.
The origin of C18:1 fatty acid is not known from the present study, but it might be possible that this unsaturated fatty acid comes either from such phospholipids as lecithin and phosphatidylethanolamine or from triglycerides (Day, 1967) . Despite of the increased amount of cholesterol, cholesterol esters and phospholipids , the total l ipid content per cell was lower in stimulated macrophages.
This might mean that triglycerides and diglycerides (Kennedy and Weiss, 1956) were consumed for syntheses of other lipids by induced cells. Werb and Cohn (1971 a) stated that cholesterol esters were never detected in unstimulated mouse peritoneal macrophages in their experiments using the radioisotopic technique and tissue culture cells. They interpreted that the absence of detectable cholesterol ester is due to the presence of an active cholesterol esterase in the macrophage.
The accumulation of cholesterol ester may result from an increase in the cholesterol-esterifying activity of the cells and also from a decrease in the rate of cholesterol ester hydrolysis. Werb and Cohn (1972) found , however, no cholesterolesterifying activity in mouse peritoneal macrophages, but they demonstrated an acidcholeseterol-esterase activity of lysosomal origin in mouse peritoneal macrophages and also in rabbit alveolar macrophages. This is in contrast with the observations of Day and Tune (1909) and Tume and Day (1970) that the cholesterol-esterifying activity was present in rabbit peritoneal and alveolar macorophages . It should be pointed out that these authors used macrophages stimulated by BCG or liquid paraffin.
In the past, little attention was paid to the use of irritants in macrophage collection.
J3ut it was recently taken into consideration by some authors that macrophages mobilized by intraperitoneal injection of irritants prior to collection differ from those from unstimulated animals (Gilette and Lance , 1973; Shayegami, D e Coursy and Mudd, 1973; Stubbs et al., 1973) . The use of irritants will result in production of activated cells by the procedure per se, and this might interfere with some experiments of immunological purposes.
Our present experiment supported the above view by demonstrating that macrophages stimulated by nonspecific irritants came to possess cholesterol esters in a far greater amount.
Since the first study of Hagerman and Gould (1951) , cholesterol exchange between plasma and red cells has been well documented. Werb and Cohn (1971 a, b) and Nilsson and Zilversmit (1972) suggested that a similar situation exists between plasma and macrophages, namely the exchange of free cholesterol molecules of macrophage membranes with those of serum lipoproteins. Werb and Cohn (1972) reported that choletterol esters are not exchanged, and unhydrolyzed esters remain intralysosomally in the macrophage.
This information is quite compatible with our previous finding that maycobacteria grown in vivo were closely associated with cholesterol esters , since the bacilli stay within the phagolysosomal space of macrophages.
An association between phagocitized bacilli and the unhydrolized esters accumulated in this particular environment would not be impossible.
The accumulation of cholesterol esters in macrophages may be explained by impairment of the cholesterol-esterase activity.
In the preceding paper (Kondo and Kanai, 1974) , the increase in cholesterol ester content of the granulomatous lungs was especially characteristic of unsaturated octadecanoic acids. Reversely, the proportion of cholesterol palmitate decreased with the onset of infection. In this regard, the observations of Werb and Cohn (1972) are again suggestive that cholesterol linoleate was hydrolyzed much more rapidly by the macrophage lysate than cholesterol palmitate.
For example, with lysates of mouse peritoneal macrophages cultivated for 72 hr in 30% newborn calf serum the specific cholesterol esterase activity was 33 times as great for cholesterol linoleate as for cholesterol palmitate.
Under such a situation, it would be expected that inhibition of cholesterol esterase, if it could occur, results more easily in accumulation of cholesterol linoleate than in that of choleserol palmitate. In the present study, unsaturated octadecanoic acids were not detected in cholesterol esters of uninduced peritoneal cells. This might be another indication that cholesterol esterases are particularly active on cholesterol oleate and cholesterol linoleate in unstimulated macrophages.
At the same time, the possibility of the increased activity of esterif ying enzymes should also be considered.
Day and Tume (1969) concluded that esterification in rabbit peritoneal macrophages does not proceed via a transesterification reaction, but by direct esterification of cholesterol with free fatty acid. One of the remarkable characteristics of stimulated macrophages is the enhanced activity of endocytosis, which means a highly dynamic state of the cell surface membrane.
Particularly, the membrane fusion is considered as a key event leading to formation of the phagocytic vacuole and to degranulation of lysosomes with the vacuole.
According to Poole, Howell and Lucy (1970) and Lucy (1970) , this event occurs by a contact of the two membrane sites where a bimolecular leaflet of lipid molecules has been changed into globular micelles.
The formation of endogenous lysolecithin at highly localized sites was postulated as a factor responsible for the phenomenon.
Cholesterol was also postulated as another factor to govern the organization of lipid molecules in the membrane and to control the process of membrane fusion (Kataoka, 1973) . In the context as above, it might be interesting to know what biological significance cholesterol esters have, if they could be formed in situ from endogenous cholesterol of the membrane.
In the present study, we dealt with macrophages stimulated with nonspecific irritants.
In tberculous lesions, however, macrophages activated by immunological process would be predominant.
Our future study will be directed to an in vitro model to prove that macrophages stimulated by sensitized lymphocytes also contains an increased cholesterol ester.
